dehydrogenase and β-glucosidase activities), physical soil properties (aggregates 23 stability, conductive mean pore diameter, aggregation index) and CO 2 fluxes. The 24 concentrations for total organic carbon (TOC), the active carbon (AC) normalised by 25 the total carbon (AC TOC -1 ), served as a combined proxy for the soil C management 26 related to the tillage system. Soil C management accounted for 0 to 46 % of the change 27 of biophysical soil properties in RT versus TT. The RT led to a C increase (18.9%) of 28 microbial activities, especially in the top 0-5 cm depth. Related to the physical soil 29
properties, less C in TT led to a lower aggregation index, although this tendency was 30 not observed for other physical parameters. The impact of soil C management was 31 better correlated with soil microbial than with the physical properties. Our analysis 32 directly quantified for the first time that the increase in the soil"s carbon concentration 33 can only explain a small fraction of the beneficial change in biophysical soil properties 34 due to RT. In general the RT contributed to the long-term sustainability of the 35 are controlled by tillage in TT and by the application of pre-emergence herbicides in 137 RT, at a rate of 2 l ha -1 trifluraline (18%) (applied to the sunflower crop) and 4 l ha Total organic carbon (TOC) was analysed by dichromate oxidation and titration with 154 ferrous ammonium sulphate (Walkley and Black, 1934) . Active carbon (AC) was 155 determined by oxidation of 5 g of dry weight of soil with 2 ml of 0.2 M KMnO 4 in 1M 156
CaCl 2 (pH 7.2) and non-reduced Mn 7+ was colorimetrically determined at 550 nm (Weil 157 et al., 2003) . Water soluble carbon (WSC) was determined in a 1/10 aqueous extract 158 using a TOC-V-CSH/CSN analyser. Microbial biomass carbon (MBC) content was 159 determined by the chloroform fumigation-extraction method modified by Gregorich et 160 al. (1990) . Dehydrogenase activity (DHA) was determined according to Trevors (1984) 161 using INT (iodonitrotetrazolium chloride) as substrate. β-glucosidase (β-Glu) was 162 measured as indicated by Eivazi and Tabatabai (1988) . Diphenoloxidase (DphOx) was 163 measured following the procedure described by Perucci et al. (2000) . For each 164 microbiological analysis, three replicates per collected sample were done. Results were 165 based on the oven-dried weight of the soil. 166
The mean weight diameter (MWD) was determined in 1-2 mm dry aggregates following 167 the wet sieving method of Kemper and Rosenau (1986 Soil CO 2 fluxes were measured by attaching a 6400-09 chamber with an area of 71.6 181 cm 2 to a 6400 LICOR gas-exchange system (LI-COR, Environmental Division, Lincoln, 182 NE, USA). The period of measurement was 2008. The system was provided with a 183 thermocouple probe to measure soil temperature. To minimise soil surface disturbances, 184 the chamber was mounted on PVC soil collars sharpened at the bottom and inserted into 185 the soil to about 3.8 cm. To prevent an overestimation of soil fluxes, typically observed 186 immediately after the collars have been installed, the latter were inserted some days 187 before the measurements were made. Furthermore, 6 collars were placed at random 188 locations in each treatment in order to describe statistically the spatial variability. The impact of the C management on the biophysical soil property at x i and over the time 236
interval Δt, f(x i ;Δt), was calculated in five steps (Fig.1) , as it was done by Deurer et al., 237
2008. The term "soil C management" is defined in detail in section 2.3. 238
Step 1: Are the proxies of soil C management, TOC and AC TOC -1 , in the managed 239 treatment in our case RT and the reference in our case TT statistically different (checked 240 by step 1)? When this applies, then proceed. We selected a measurable proxy for the 241 soil C management P in the soil at x. For our study, we used TOC and the AC (AC 242
TOC
-1 ) as a combined proxy for the soil C management at x (see section 2.3). If P(x i ;Δt) 243 and P(x j ;Δt) were statistically significantly different (p<0.05), then a potential impact of 244 the soil C management on the biophysical soil property f(x i ;Δt) was probable, and we 245 proceeded to the next step. 246
Step 2: Are the selected biophysical parameters between RT and TT statistically 247 different? When this applies, then proceed to step 3. We tested if the soil biophysical 248
property of the soil under RT f(x i ;Δt) and of the soil under TT f(x j ;Δt) were statistically 249 significantly different. Only if this was the case, we assumed that there was an impact of 250 reduced tillage on f(x i ;Δt), and we proceeded to the next step. 251
Step 3: What is the total impact of reducing tillage on the biophysical soil property in 252
RT? The ratio ф of the biophysical soil property measured at x i and x j and averaged 253 over Δt yielded the overall impact of reducing tillage on f(
The value of ф multiplied by 100 denoted the percentage difference (larger = positive 257 value and smaller = negative value) in the biophysical soil property at x i (RT) compared 258 with the reference xj (TT). Therefore, ф is a measure of the impact of the reduction in 259 tillage on the biophysical soil property at x i . 260
Step 4: What is the correlation between the proxy for soil C management and the 261 biophysical soil property? We performed a regression of the biophysical soil property 262
f(x i,j ;Δt) (dependent variable) versus the respective C management proxy values 263 P(x i,j ;Δt) (independent variable). This yielded the variance fraction (R 2 ) that could be 264 explained by the C management proxy. We denoted it by R(f(x i,j ; Δt);P). The C 265 management proxy had to be a statistically significant variable in the regression. 266
Step 5: What is the impact of soil C management on the biophysical soil property in 267 RT? The correlation between the biophysical soil property and the proxy for the soil C 268 management, R(f(x i,j ;Δt);P) (step 4), was multiplied by the impact of reducing tillage on 269 the biophysical soil property ф (step 3). By this we estimated the partial impact I of the 270 soil C management as only one consequence of reducing tillage, P on the biophysical 271 soil property at x i : 272
The value of Ι multiplied by 100 denoted the percentage increase in the partial impact of 276 the soil C management P on the particular biophysical soil property at x i . 277 Values of MBC, DHA, β-Glu and DphOx enzymatic activities were higher at 0-5 cm 296 depth in RT, compared to TT, with statistical differences for MCB, DHA and β-Glu 297 (Table 1) . DphOx activity, also showed greater values in RT, although differences were 298 not significant. At 5-10 cm depth, the tendency was the same, but without statistical 299 differences between treatments. At 10-25 cm depth, results were practically the same in 300 RT and TT. In general, the CO 2 flux was higher in TT (0.40 ± 0.03 g m -2 h -1 ) compared 301 to RT (0.31 ± 0.02 g m -2 h -1 ), with statistical differences between treatments (Table 2) . 302
We conclude that four (MBC, DHA, -Glu, CO 2 fluxes) of the five indicators for soil 303 biological activities increased in parallel with an increase in the proxies for soil C 304 management in the top 5 cm of the soil. 305 306 Physical functioning of the soil: comparison of TT and RT 307
We did not find clear results for the different methods used for assessing a possible 308 change of the soils aggregate structure and stability in the different treatments. On the 309 one hand, greater values of WAS were recorded under TT, in the three depths, although 310 statistical differences were only found at 5-10 cm depth (Table 3) . On the other hand, 311
RT tended to enhance the MWD and AI variables in all depths (with statistical 312 differences for AI at 0-5 cm depth). The tillage treatments made no difference for the 313 water infiltration characteristics near saturation. The CMD near water saturation was 314 measured only at the soil surface. We conclude that there is no clear difference of soil 315 physical properties between the tillage treatments, and consequently also no clear 316 influence of soil C management on the set of soil physical properties that we selected. 317 318
Correlation of biophysical soil properties with proxies for soil carbon management 319
The proxies for soil C management explained a fraction of the variability of the 320 biophysical soil properties between treatments. We use these fractions to quantify how 321 much soil C management is responsible for any change in biophysical soil properties 322 (see equation 2 in Step 4). For example, the proxies explained 46% of the variation of 323 DHA, which means that the TOC and AC TOC -1 explained 46% of the variation of 324 DHA in both tillage systems (TT and RT) (Fig. 3A) . For the β-glucosidase activity, the 325 TOC and AC TOC -1 explained 37% (R 2 = 0.37) of the variation (Fig. 3B ). For the 326 MBC, 25% could be explained, and only AC TOC -1 was a significant variable in the 327 regression (Fig. 4) . In our multiple step-wise regressions the TOC was a significant 328 variable for two of the biological soil properties studied (DHA and -Glu) and AC 329 TOC -1 was a significant variable in all cases. 330
In general, the soil physical properties that we considered were not (MWD, CMD and 331 WAS) or only poorly (AI) correlated with the proxies for C management. The microbial properties decreased between 0 and 75% in the TT system compared to 338 RT (Table 4) . We could attribute 0 to 46% of the change in microbial properties to soil 339 C management (Table 4) . Therefore, the impact that can directly be attributed to the 340 change of the soil C management on the microbial properties was always less than half 341 of the total impact of the treatments. For example, the DHA decreased in total by 46% 342 in TT versus RT, but we attributed only a reduction of 17% to the soil C management. 343
An impact of the soil C management on the physical soil properties was only significant 344 for AI, which decreased between 0 and 5% in the TT system compared to RT, but only 345 between 0 and 0.4% can be attributed to soil C management. 346
This disproves our hypothesis that soil C management is able to explain most of the 347 impact of reduced tillage on biophysical soil properties. 348 because the greatest differences between treatments were found only to this depth (Fig.  356 2). In this study, a tendency for improvement derived from the conservation tillage was 357 also reported at 5-10 cm depth. improvements in the soil profile, it is desirable to have a robust statistical tool to 363 establish at which depth these benefits are currently consolidated. 364
In our case, a Xerofluvent calcareous soil cropped under rainfed agriculture for 16 365 years, RT has managed to reduce losses of organic C that is typically caused by TT with 366 soil inversion. These higher values, not only for TOC, but also for AC and WSC in RT 367 compared to TT (Fig. 2) can be associated to the crop residues left at surface under 368 conservation tillage treatments (RT in our case) and with the lower decomposition 369 (Fig. 3A) , a high value indicating the sensibility of this enzymatic activity 417 with respect to the C management component of tillage treatment. 418
Organic C also influences β-Glu, explaining 37% of its variability (Fig. 3B) . The opposite tendency was observed for WAS (Table 3) Tables  Click here to download Tables: Tables.doc   Table 2 : Mean values  standard error of measurements of CO 2 fluxes (g m 2 h -1 ) for traditional (TT) and reduced tillage (RT) at ten different times in the period of study (2008) . The results were derived from a 16 year tillage experiment. Differences between treatments are indicated by (*) (p< 0.05). 43.0 ± 3.21 2.99 ± 0.19 532 ± 16.2 WAS: water aggregate stability (%), MWD: mean weigh diameter (mm), AI: aggregation index, CMD: conductive macro-pore diameter between -20 and -60 mm tension (mm). Differences between treatments are indicated by (*) (p< 0.05). Table 4 : Impact of all management practices (¥), and of only the soil organic C management (I) on soil microbial parameters and aggregation index. The values are given only when the differences were statistically significant. The value of R refers to a linear regression with total organic C (TOC) or (given in brackets) to a multiple linear regression with TOC and AC TOC -1 . 
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